Introduction
In recent years coagulase-negative staphylococci (CNS) have come to be recognised as a major cause of septicaemia in patients with implanted prosthetic devices and intravenous catheters. Some isolates produce extracellular slime which is thought to be important in the genesis of these plastic-associated infections.'-' The slime substance is loosely bound to staphylococcal cells and can be washed off. 6 In published methods of preparing staphylococcal slime, bacteria have been grown under fluid on complex media solidified with or in liquid culture," and, after separating the slime layer and removing bacteria by centrifugation, the supernatant liquid has been used as starting material for analyses. These slime preparations inevitably contain some ingredients of high molecular weight from the media. To avoid this problem, Peters et aL6 used an elaborate chemically defined medium formulated to meet the growth requirements of streptococci ;' it contained ingredients not usually required by staphylococci. The present study was designed to devise a simpler chemically defined medium that would support growth and maximal slime production by CNS. 
Materials and methods

Bacterial strains
Growth requirements
Amino acid requirements for growth were determined by growth tests with Gladstone's medium.12 Each amino acid was prepared as a concentrated stock solution so that the addition of 0.2 ml of each gave the final concentration required in 10 ml of the complete medium. Bacteria were grown overnight on nutrientagar slopes, washed twice in physiological saline and resuspended in saline to a concentration of c. 1 x lo8 cfu/ml; 0.1 ml of this suspension was added to 10 ml of medium in a 15 x 1.7-cm test tube and incubated with shaking at 37°C. Growth was estimated by eye after incubation for 24 and 48 h.
Carbohydrate requirements were determined with the same medium but replacing glucose by different sugars (galactose, mannose, fructose, sucrose, lactose and maltose), each 1% w/v. The experimental procedures (inoculation, incubation and growth estimation) were as described for the determination of amino acid needs.
The efect of various supplements on slime production was investigated by adding them to vitamin-containing medium A'3-Na2HP04. 12H20, 11.2 g; 50 mg; MnCl24H20, 4 mg; FeS04.7H20, 2.8 mg; glucose, 10 g; biotin, 0.1 mg; nicotinic acid, 2 mg; D-pantothenic acid, Ca salt, 2 mg; pyridoxal, 4 mg; pyridoxamine dihydrochloride, 4 mg ; riboflavin, 2 mg; thiamin hydrochloride, 2 mg; and water to 1 L. Medium A plus vitamins was prepared by mixing four separately autoclaved solutions. Solution A : Na2HP04. 12H20, KH2P04, (NH4)2S04 at 
Preparation of the chemically defined medium
The ingredients of the medium were first made up separately in five groups (table I). The components of group 1 were dissolved in 700 ml of water. Groups 3, 4 and 5 were made as concentrated solutions as follows: group 3, x 100; group 4, x 20 and group 5 , x 100. Except for group 2, the groups were mixed, made up to 900ml with glass-distilled water and autoclaved at 121°C for 15 min. Group 2 ingredients (made up to 100ml in glass-distilled water) were autoclaved separately and added to the rest when cool. For brevity the defined medium is referred to as medium HHW (Hussain, Hastings, White).
Detection of slime production
Because there is at present no single generally Table I . Composition of a new chemically-defined medium HHW for slime production by CNS accepted method for determining slime production, three different methods were compared : a qualitative tube assay ; a spectrophotometric method that assessed biofilm on the bottom of wells but npt on their walls; and an ATP bioluminescence method that measured the biomass of all adherent bacteria, whether they were on the bottom of the wells or on their walls. Tube m e t h~d .~ The test medium (10 ml) in a glass 28-ml screw-capped bottle was inoculated with 0.1 ml of a saline suspension of bacteria of OD540 1.0 and containing c. 1 x lo9 cfu/ml. After incubation for 18 h at 37"C, the bottle contents were poured out and 10 ml of an aqueous solution of alcian blue 0.1% w/v was added 6 qtain adherent bacteria. A blue-stained film lining 'thd bottle walls was taken to indicate slime produdtion.
A TP bioluminescence assay. Cultures grown overnight in HHW medium or tryptic soy broth were di- Spectrophotometric method. The method of Christensen et al.14 was used with three replicates. Bacterial suspensions (200 pl) in appropriate medium containing c. 1 x lo7 cfu/ml were poured in triplicate into a polystyrene 96-well flat-bottomed plate. After incubation for 18 h at 37"C, fluid in the wells was aspirated and the wells were washed twice with saline. Adherent growth was stained with safranin 0.1% for 1 min, washed with distilled water and allowed to dry. OD was determined at 490nm with a Microelisa Minireader MR590 (Dynatech, Guernsey, Channel Islands).
Measurement of growth
Medium HHW and tryptic soy broth (100ml of each in separate 250-ml flasks) were each inoculated with 0.1 ml of a 1 in 10 dilution of an overnight culture in the same medium and incubated with shaking at 37°C for 24 h. Turbidity was measured in an EEL colorimeter (Evans Electroselenium Co. Ltd, Halstead, Essex); the zero was adjusted with uninoculated medium. Growth curves were made from viable counts on blood agar after growing the strains in these two media.
Results
Measurement of growth
Growth curves constructed from viable counts made with strain RP-62A growing in medium HHW and tryptic soy broth are shown in the figure. Growth was slow at first in the medium HHW, but after 18 h the numbers of viable bacteria (cfu) in both media were the same. Similar results were obtained with the other strains.
Growth requirements
All strains required valine and arginine for growth, as described by White and Woods.'5 Leucine and isoleucine were required by all strains for growth by 18 h; their absence delayed growth. One strain only did not require tyrosine and two only did not need threonine for growth in 18 h. No strain required aspartic acid and two strains only required proline and histidine. However, if more than two of the amino acids in table I1 were omitted simultaneously, none of the strains grew. There were no clear differences in amino-acid requirements of slime-producing and slime non-producing isolates ; the two slime-producing reference strains, RP-62A and RP-12, had identical amino-acid requirements (table 11) . Three slime-producing strains (RP-12, RP-62A and C762) and one slime non-producing strain (C988) grew well with all carbohydrate sources tested (table 111) . Strains C1543, A2057, C362 and C1276 grew well with glucose, but either grew poorly or not at all with most of the other sugars. There was no clear difference in the carbohydrate requirements of slime-producing and slime non-producing strains. Glucose was the only carbohydrate source acceptable to all the strains tested, and in its presence growth was maximal.
Requirements for slime production
Slime-producing strains (RP-12, RP-62A, C 1543 and C762) were inoculated into medium A after addition of various supplements at differing concentrations and in various combinations. The results obtained are summarised in table IV. Vitamins and an organic nitrogen source were always required for growth. Adding yeast extract promoted slime production ; supplementing with Casamino acids alone allowed growth but the addition of trace elements, or adenine and guanine, or sodium acetate, was required for slime production. Replacing yeast -extract or Casamino acids by a defined amino-acid mixture formulated in relation to the previous growth-promotion experiments (table 11) allowed excellent slime elaboration by all four test strains, as long as either trace elements or adenine and guanine were present. This formulation is medium HHW and is shown in detail in table I. Medium HHW and tryptic soy broth (a medium used widely by other workers) were compared for their ability to facilitate slime production by CNS. Using the tube method, it was hard to detect differences between the two media with good slime producers (strains RP-62A and RP-12) but the two weak slime producers (strains C 1543 and C762) produced slime more readily in medium HHW (table V) .
When measured spectrophotometrically, slime production was better in medium HHW (table VI) . Similar results were obtained when the adherent biomass was measured by ATP bioluminescence (table  VII) . 
Discussion
There are a few reports of the chemical nature of slime produced by staphylococci and, in almost all studies, complex media were used to prepare it.'-''
